Abstract: A Vibrio cholerae O139 (strain A1-1841) isolated from a patient with a cholera-like disease in Bangladesh predominantly produced new curved, wavy fimbriae (A1-1841 fimbriae) and small numbers of previously reported F. cholerae non-O1 S7-1ike pili. The former was purified and characterized. The molecular mass of the A1-1841 fimbrial subunit was less than 2.5 kDa, and it was immunologically different from that of F. cholerae non-O1 $7 pili. This novel fimbrial antigen was detected in all 182 Gram-negative strains from five genera tested but was absent from the Gram-positive bacteria tested. The purified A1-1841 fimbriae did not agglutinate human or rabbit erythrocytes.
Introduction
It has been recognized that Fibrio cholerae non-O1 is associated with sporadic cases of gastroenteritis and extraintestinal infection and has no epidemic potential [1, 2] . In late October 1992, however, an outbreak of cholera-like diarrhea due to F. cholerae non-O1 occurred in southern and eastern India [3] and another epidemic broke out subsequently in southern Bangladesh [4] . F. cholerae non-O1 isolated from diarrheal stools in those epidemics were regarded as novel pathogens mainly because of their capacity to produce large amounts of cholera toxin-like enterotoxin and their epidemic potential. The epidemics in India and Bangladesh are now known to be due to the same clone of V. cholerae non-O1, which is now assigned a new serogroup O139, with the suggested name 'Bengal' to refer to its first isolation from the coastal areas of Bay of Bengal [5] .
Pathogenic factors of bacterial pathogens causing secretory diarrhea are classified into toxins and colonization factors, and several toxins of F. cholerae non-O1 have been elucidated [6, 7] . Although there have been many reports regarding pili and fimbriae as essential appendages for col- onization and hemagglutination [8, 9] , little is known about the pili of V. cholerae non-O1. In this communication, we report the isolation and characterization of fimbriae of V. cholerae O139.
Materials and Methods
Bacterial strains 14. cholerae O139 strain A1-1841, isolated from a patient with cholera-like disease in Bangladesh in 1993, was used for preparation of fimbriae.
Other bacterial strains stocked in our laboratory were also used as indicated in Table 1 .
Culture conditions V. cholerae O139 (A1-1841) was grown in 100 ml of modified-TCG broth (1% Bactotryptone, 0.3% yeast extract, 0.5% NaC1, 0.02% thioproline, and 0.1% L-glutamic acid monosodium salt, pH 7.4) in a Roux bottle at 37°C for 12 h as a stationary culture. The number of Roux bottles used was adjusted as required. Other bacterial strains were cultured in 20 ml of modified-TCG broth in 200-ml Erlenmeyer flasks using the same conditions.
Purification of fimbriae
Organisms harvested from 2400 ml of the modified-TCG broth by centrifugation (5000 x g for 30 min) were suspended in 60 ml of 0.05 M Tris. HC1 (pH 8.0) (Tris-buffer) and agitated in an autohomogenizer (model DX-5, Nihon Seiki Ltd., Tokyo, Japan). The sediment was removed by centrifugation (8000 X g for 20 min) and the supernatant was filtered through a 0.45/xm pore size membrane filter and dialyzed against 0.1 M acetate buffer (pH 4.0) for 2 h at room temperature. The precipitates formed during dialysis were collected by centrifugation (16 000 x g for 30 min), suspended in 5.0 ml of Tris-buffer and salted out with 10% saturated ammonium sulfate. After 1 h incubation, precipitates were collected by centrifugation (16 000 X g for 30 min) and suspended in 1.5 ml of the Tris-buffer. This suspension was fractionated by a sucrose density gradient (ranging from 10 to 60%, w/v) centrifugation (152 000 x g, for 3 h). The fractions containing fimbriae were confirmed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and electron microscopy. These fractions were pooled and dialyzed against Tris-buffer. For comparative study, pili of V. cholerae non-O1 $7 isolated in Sudan in 1968 were purified according to the method reported previously [10] .
Electrophoresis
SDS-PAGE was performed as described by Okajima et al. [11] , a modification of Laemmli's method [12] . Isoelectric focusing was performed on Ampholine PAG plates gels (Pharmacia LKB Biotechnology) with a pH range of 3.5-9.5, using flat-bed apparatus FBE 3000 (Pharmacia LKB Biotechnology). The isoelectric point was determined by comparison with the isoelectric focusing calibration kit (pH 2.5-6.5, Pharmacia LKB Biotechnology).
Preparation of antiserum
A rabbit (Japanese White, 2 kg) was immunized subcutaneously with 0.2 mg (0.5 ml) purified A1-1841 fimbriae mixed with the same volume of complete Freund's adjuvant, then boosted 4 weeks later. 20 ml of blood was collected 7 days after the booster, and the antibody titer was examined by cell agglutination. An anti-S7 pili serum was also prepared as previously reported [10] .
Immunogold electron microscopy
Bacteria on carbon-coated formvar grids were incubated in 1:50 diluted anti-Al-1841 fimbriae serum for 30 min at room temperature. The grids were washed several times in 10 mM phosphatebuffered saline (PBS, pH 7.4) and reacted with 1:10 diluted gold colloid conjugated goat antirabbit IgG (E-Y LABS, Inc., San Meteo, CA) for 30 min. The grids were washed again and negatively stained with 4% uranyl acetate and observed under a JEM-2000-EX transmission electron microscope.
Western blotting
Western blotting was performed as described by Towbin et al. [13] using purified A1-1841 fimbriae and $7 pili as antigens and both anti-249 fimbriae (pili) sera. Whole cell lysates of stock strains (182 Gram-negative and 20 Gram-positive bacteria) were examined for reactivities to anti-AI-1841 fimbriae serum.
Hemagglutination test
Hemagglutinating activity of the purified A1-1841 fimbriae was examined with human type A and rabbit erythrocytes. About 200 /xg ml -~ of the fimbriae was serially diluted two-fold in Krebs-Ringer-Tris (KRT) buffer (128 mM NaC1, 5.1 mM KC1, 1.34 mM MgSOn.7H20, 2.7 mM CaC12, 10 mM Tris. HC1; pH 8.0) in U-bottomed microdilution plates. An equal volume of 2% erythrocytes in KRT buffer was added to each well. The plates were gently shaken and allowed to stand at 4°C overnight. The hemagglutination titer was defined as the reciprocal of the highest dilution at which hemagglutination was observed.
Results
Curved, wavy fimbriae (Al-1841 fimbriae) were predominantly expressed on the surface of V. cholerae O139 strain A1-1841 together with a few S7-1ike flexible fimbriae (Fig. 1A) . A purified preparation of Al-1841 fimbriae is shown in Fig.  lB .
Immunogold staining revealed gold particles on the Al-1841 fimbriae but not on the S7-1ike flexible fimbriae nor on flagella (Fig. 2) .
The SDS-PAGE profile of the purified Al-1841 fimbriae revealed a single stained band of less than 2.5 kDa (Fig. 3A) . These Al-1841 fimbriae were isoelectrically focused at pH values ranging between 3.95 and 4.25. In Western blotting, these fimbriae (pili) reacted only with their own anti-serum (Fig. 3B, C) . All 182 Gram-negative strains from five genera (Table 1) obviously developed a single band, identical to that of V. cholerae O139 (Al-1841 strain; positive control), and no cross-reactions were observed. In contrast, Gram-positive bacteria were lacking in this antigen (Table 1) .
V. cholerae A1-1841 cells hemagglutinated human type A or rabbit erythrocytes, whereas the purified Al-1841 fimbriae did not (data not shown). 
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Discussion
The purified V. cholerae O139 Al-1841 fimbriae are physicochemically and immunologically different from $7 pili reported previously [10] . Although the molecular mass of pilus subunit protein is usually approximately 20 kDa [14] [15] [16] , that of the Al-1841 fimbrial subunit is very small, being less than 2.5 kDa. This kind of small pilin has previously been found in Aeromonas hydrophila as reported by Ho et al. [17] and called 'mini pilin' [17] . Al-1841 fimbriae are different from the pili reported by Ho et al. [17] since Al-1841 fimbriae were easily depolymerized when boiled in 1% SDS with 2-mercaptoethanol and lacked hemagglutinating property. Several attempts to determine the amino acid sequence of Al-1841 fimbrial subunit have failed because of unknown reason(s). The function of the new timbriae has yet to be determined.
It is interesting that the new Al-1841 fimbrial antigen is distributed among all Gram-negative bacteria investigated. Moreover, an approximately 22-kDa protein of Pseudomonas aeruginosa reacted with antiserum to the novel fimbriae (data not shown). We consider the positive reactions seen in Western blotting with whole-cell lysates from other organisms were specific because all showed single bands, apparently identical to that of the positive control in molecular mass (except P. aeruginosa) and intensity. Whether this antigen is associated with fimbrial structures in each species or whether it is part of some other structural subunit, such as the outer membrane, has yet to be elucidated. To our knowledge, there have been no reports on the presence of a fimbrial antigen shared by bacteria of the six genera tested. This antigen might be one of the primitive common antigens shared before these six genera were differentiated. Further investigations with other Gram-negative bacteria are needed to fully characterize this antigen.
